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Non-self sustained CO 2 laser gas discharges are known to be 
stable and to give a high efficiency. In most lasers of this 
type an energetic electron beam is used to ionize the laser gas. 
We will report on a successfull attempt o use the Penning 
ionization mechanism as an ionization source. Such a Penning 
plasma strongly resembles and electron beam plasma; it is a 
perfectly homogeneous, non-fi lamentary, non-luminous 
discharge. In one respect it is even better than the electron 
beam plasma. In an electron-beam sustained laser the small- 
signal gain is known to be larger near the anode than near 
the cathode, due to the spreading of the electron beam. In 
a laser sustained by Penning ionization the amplification is 
constant hroughout the gap. The laser we report on is an 
extremely simple device, consisting only of two Rogowski 
shaped electrodes. In a predischarge with an input energy 
of typically 10 J/Q metastable nitrogen in created with a 
concentration of 1014 em -3.  These metastable particles 
maintain the plasma by ionizing the low ionization seed gas 
tri-n-propylamine, which is added to the laser gas. The plasma 
is then pumped at the opt imum voltage for inversion pro- 
duction. 
A CO 2--TEA laser with an aperture of 6.5 cm, following 
this principle, has been tested extensively and gave optical 
outputs in excess of 50 J/~ [ 1 ]. A 12 cm aperture laser is 
presently under test. The results of this test together with 
a more rigid model of the Penning ionization process will 
be presented. 
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Although there exist certain high power, high efficiency 
infared lasers, efficient electrical lasers have yet to be found 
in certain important ir wavelength regions. Polyatomic 
molecules which have radiative transitions in these regions 
are promising candidates, provided that specific excitation 
and de-excitation techniques can be developed. Vibrational 
energy transfer from electrically excited diatomic molecules 
offers an efficient and convenient pumping mechanism. Use 
of a gasdynamic expansion offers low temperatures to minimize 
low lying lower state thermal populations and to reduce the 
rotational distribution, while fast flow aids in removal of  the 
lower state from the laser cavity. These techniques have been 
successfully combined in the electric discharge gasdynamic 
laser (EDGDL). The date, cw laser oscillation has been observed 
in seven energy transfer systems. These are N 2 and D 2 trans- 
ferring to CO 2 or N20,  and CO transferring to N20,  CS 2 and 
C2H2. 
The basic design of the EDGDL has been described pre- 
viously [ 1 ]. The plenum has been changed, however, to one 
consisting of ten pyrex tubes. The diatomic gas-monatomic 
diluent mixture is injected radially into each tube near the 
cathode in an effort to induce turbulence in the flow and 
inhibit arc formation in the self-sustained glow discharge [2]. 
After passing through the discharge region the primary gas 
mixture accelerates through the nozzle array, where the 
polyatomic gas is injected into the supersonic expansion region 
to create forced mixing. Mixing, energy transfer, and lasing occur 
in the constant area supersonic avity. Since the polyatomic 
lasing species does not pass through the discharge, it cannot 
interfere with efficient vibrational excitation of the diatomic 
gas. 
The new plenum design has made higher pressure operation 
possible using helium diluent. With this higher primary mass 
flow, the polyatomic mass flow can be increased without 
spoiling the supersonic flow as was previously observed. In the 
initial observation of the CO-C2H 2 and CO CS 2 lasers [3], 
oscillation abruptly terminated as the secondary mass flow 
was increased past a certain point. This was accompanied by 
a sudden increase in the cavity pressure, leading to the con- 
clusion that the supersonic flow was "choked" and that the 
accompanying temperature rise in the cavity was destroying 
the population inversion. The higher mass flow now possible 
has resulted in a fivefold increase in output power of the 
C2H 2 laser, for example. The new plenum also enables dis- 
charges to be operated successfully with argon diluent, so that 
yet higher secondary mass flows can be maintained. 
Of the lasers observed to date, the N2-CO2,  N2-N20,  
CO-N20 and CO-C2H 2 all involve resonant or near-resonant 
energy transfer. However, resonant ransfer to a level above 
the upper laser level, followed by deactivation to the upper 
laser level, is sufficient for lasing as is demonstrated by the 
D2-CO2,  D2-NO2,  and, apparently, the CO-CS 2 lasers. 
This mechanism is efficient enough for the D 2 CO 2 laser 
that its power output is comparable to that from N2-CO 2. 
The D2-N20 laser is the weakest of those observed, as would 
be expected from the lack of a closely resonant ransfer channel. 
In addition to reporting on parametric studies of the lasers 
listed above, results of experimental investigations of new transfer 
lasers in the 3 -4 /~ region will be discussed and conclusions 
drawn on the feasibility of various transfer systems. 
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